In this investigation, we sought to resolve the apparent paradox that is posed by the fact that there is a simultaneous increase in the production of prostaglandin and cortisol in women during labor. A paradox obtains, since in most tissues, cortisol acts to inhibit prostaglandin formation. Using previously characterized model systems for the in vitro study of arachidonic acid metabolism in amnion, decidua, and myometrium, we found that prostaglandin production by amnion and endometrial stromal cells in monolayer culture was not decreased by glucocorticosteroid treatment. On the other hand, prostaglandin production by myometrial smooth muscle cells in culture was inhibited by >90% in response to dexamethasone (10-7 M) treatment. Importantly, the major prostaglandin produced by myometrium, as well as myometrial smooth muscle cells in culture, is prostacyclin, a prostaglandin that acts to cause uterine quiescence. We suggest that the immunity of amnion and decidua to the action of glucocorticosteroids may allow for the accelerated production of prostaglandins E2 and F2., which act to cause myometrial contractions; simultaneously, glucocorticosteroid produced in large quantities in women in labor may lead to decreased production of prostacyclin by myometrium, thereby reducing uterine quiescence. In this coordinated manner, the uterine contractions that culminate in delivery of the fetus may proceed uninterrupted in the face of increased cortisol production.
Introduction
Among the biochemical events that are characteristic of labor and delivery in pregnant women at term, increases in the plasma levels of cortisol (1) (2) (3) and prostaglandins (4) (5) (6) (7) (8) (9) are striking. These two phenomena almost invariably accompany parturition in women; nonetheless, the coexistence of these processes seemingly constitutes a biologic paradox since glucocorticosteroids act, in most tissues, to effect inhibition of prostaglandin synthesis. In Table I , a compendium of the results of other investigators who have demonstrated the effectiveness of glucocorticosteroids in the inhibition of prostaglandin synthesis in a variety of tissues is presented. Yet, in pregnant women in labor, in whom accelerated production of prostaglandins appears to be essential to the maintenance of uterine contractions and, thereby, the successful delivery of the fetus, there must be a means of circumventing the inhibition of prostaglandin synthesis that commonly is associated with glucocorticosteroid action. We considered it important, therefore, to evaluate the effect of glucocorticosteroids on prostaglandin production in tissues that are believed to be those principally involved in the biosynthesis of the prostaglandins that are important in the initiation and maintenance of parturition in women.
The findings of many studies (for review, [34] [35] [36] are supportive of the proposition that, in human pregnancy, the amnion is a key tissue in the metabolic events that lead ultimately to the initiation of labor. It is known that in avascular human amnion, there is a prodigious capacity for the biosynthesis of prostaglandin (PG) E2 (37) (38) (39) . Uterine decidua vera, the specialized endometrium of pregnancy that is derived from endometrial stroma, also is known to be a site of PGE2 and PGF2,a synthesis (37) (38) (39) . In myometrial tissue, there also is a significant capacity for the biosynthesis of prostaglandins. The nature of the prostaglandins biosynthesized in myometrium, however, is different from that in amnion or decidua vera. Specifically, myometrial tissue is known to produce large quantities of prostacyclin (PGI2) (40) (41) (42) , which, in contrast with PGE2 and PGF2ar, acts to effect uterine quiescence (43, 44) .
The effectiveness of this coordinated pattern ofprostaglandin biosynthesis that culminates in the birth of the fetus at term could be disrupted if cortisol, which is produced in large amounts during labor, acted to inhibit synthesis of the prostaglandins that effect the contractions of the uterus. To investigate the nature of the biologic counterbalances that permit augmented prostaglandin biosynthesis and augmented cortisol secretion simultaneously, we evaluated the effect of glucocorticosteroids on prostaglandin formation by human amnion cells, human endometrial stromal cells, and human myometrial smooth muscle cells that were maintained in monolayer culture.
Methods
Tissues. Human amnion tissues were obtained from placentae after delivery at term by elective Cesarean section. Endometrial and myometrial tissues were obtained from the uteri of women within 1 h of hysterectomy that was conducted for reasons other than organic disease (45) . The cells were placed in 24-well (15- Endometrial stromal cells were prepared as described previously (46) . Briefly, endometrial glandular epithelium and dispersed endometrial stromal cells were prepared by enzymatic digestion of minced endometrial tissue. The endometrial glands and stromal cells were separated by filtration through a sieve that retains the glands. The stromal cells were placed in culture flasks and were maintained in Waymouth-enriched medium that contained Waymouth MB752/1 medium, minimum essential medium vitamins, minimum essential medium amino acids, nonessential amino acids, antibiotics, antimycotics, and fetal calf serum (10%, by volume) as described previously in detail (46) . These cells replicate to confluence and are passed by standard methods of trypsinization, dilution, and replating also as described previously (46) . The endometrial stromal cells maintained characteristic patterns of prostaglandin production for as many as 10 passages.
Myometrial smooth muscle cells were prepared by relatively longterm (4-8 h) enzymatic digestion of myometrial tissue, as described in detail previously (47) . The Evaluation ofprostaglandin production. PGE2, PGF20, and 6-keto-PGF,. (the stable, nonenzymatically formed product of PG12) in the culture media were measured by sensitive and specific radioimmunoassays that have been validated and described in detail (48, 49) . The total cellular protein in each well was quantified by the method of Lowry et al. (50) .
Results
The time course of PGE2 production by amnion cells in monolayer culture is illustrated in Fig. 1 . The amount of PGE2 in the culture medium was maximal after 12 h and remained relatively constant thereafter. Dexamethasone (1O' M), when added to the culture medium, did not cause inhibition of PGE2 biosynthesis but, rather, resulted in a small increase in PGE2 biosynthesis (Fig. 2) . In this study, amnion cells were treated with dexamethasone (10-7 M), and the culture media were collected and replaced daily for 72 h. The stimulation by dexamethasone of PGE2 production, as determined by measurement of PGE2 in the media collected on day 2 and day 3, was statistically significant (day 2, P < 0.02; day 3, P < 0.005).
The time course of PGE2 and PGF2a production by endometrial stromal cells in monolayer culture is presented in Fig.  3 . The amounts of PGE2 and PGF2a in the culture medium increased in a linear fashion up to 12 h but decreased slightly thereafter, possibly as a result of metabolism of these prostaglandins. PGE2 and PGF2, production by confluent endometrial Fig. 5 . The amount of PGI2 in the culture medium of cells that were not treated with dexamethasone increased during the 24-h period of study. Dexamethasone (10-7 M), when added to the culture medium, inhibited PGI2 production in a manner that was apparent within 8 h of treatment (Fig. 5) . The extent of inhibition of PGI2 production was dependent on the concentration of dexamethasone in the culture medium (Fig. 6) . The concentration of dexamethasone that caused a 50% reduction in PGI2 production was between 10-9 and 10-10 M. Discussion An essential role for prostaglandin in the induction of the myometrial contractions that lead to the delivery of the fetus is well-established. Indeed, the administration of prostaglandin(s) to pregnant women at any stage of gestation, by any of a number of different routes, leads to the onset of labor (51, 52) . In addition, prostaglandin synthase inhibitors, when ad- Time (h) 20 24 Figure 3. Time course of PGE2 and PGF2a production (mean±SEM, n = 6) by confluent human endometrial stromal cells in monolayer culture. The culture medium was changed at zero time and was collected from different wells at various times thereafter for assay of PGE2 and PGF2,,. Each dish contained I ml of culture medium and 97±1 mg cell protein (mean±SEM). various times thereafter for assay of 6-keto-PGF15. Each dish contained I ml of culture medium; the protein content in dishes that contained cells treated with dexamethasone was 143±9 mg cell protein (mean±SEM) and, in those that contained medium without dexamethasone, it was 149±7 mg cell protein. OO- Concentration Of Dexamethasone In Culture Medium (M) Figure 6 . Effect of dexamethasone, in various concentrations, on PGI2 production (mean+SEM, n = 6) by human myometrial smooth muscle cells in monolayer culture. Confluent cells were incubated with culture medium that did not or did contain dexamethasone for 24 h; thereafter, the culture media were collected for assay of 6-keto-PGF1,,. Each dish contained I ml of culture medium and 179±6 mg cell protein (mean±SEM).
tonic saline into the amniotic fluid (53) . A striking increase in the rate of cortisol secretion is also associated with labor in women ( 1-3). The apparent paradox of these coexistent biologic phenomena evolves about the well-known action of glucocorticosteroids to inhibit PG production. In association with the stress-induced increase in cortisol secretion in women during labor, which now may be considered as complementary to the mechanisms that perpetuate the effectiveness of the work forces of labor, there may be yet another complementary metabolic event that is characteristic of the "fight or flight" phenomenon. During this time in labor, there also is an increase, of considerable magnitude, in the levels of circulating catecholamines (56), substances that are known to effect lipolysis in adipose tissue stores, and thereby, an increase in free fatty acids comes about (57); and, in this manner, depleted stores of arachidonic acid in amnion and decidua may be replenished. Therefore, in women, labor may serve as a stimulus, by way of well-known responses to stress, to ensure the completion of the parturitional process.
